The discovery of correlated electronic phases, including Mott-like insulators and superconductivity, in twisted bilayer graphene (TBLG) near the magic angle [1][2][3][4] , and the intriguing similarity of their phenomenology to that of the high-temperature superconductors, has spurred a surge of research to uncover the underlying physical mechanism 5-9 . Local spectroscopy, which is capable of accessing the symmetry and spatial distribution of the spectral function, can provide essential clues towards unraveling this puzzle. Here we use scanning tunneling microscopy (STM) and spectroscopy (STS) in magic angle TBLG to visualize the local density of states (DOS) and charge distribution. Doping the sample to partially fill the flat band, where low temperature transport measurements revealed the emergence of correlated electronic phases, we find a pseudogap phase accompanied by a global stripe charge-order whose similarity to high-temperature superconductors 10-16 provides new evidence of a deeper link underlying the phenomenology of these systems.
In the limit of strong correlations, the Coulomb interaction slows down the electrons or even localizes them in a Mott insulating phase, characterized by a spectral gap that opens at integer fillings. Doping a Mott insulator produces some of the most fascinating correlated quantum phases, such as the pseudogap and the high temperature supeconductivity, with broken symmetries to accommodate the new order parameters. In the case of magic angle TBLG, doping the Mott-like insulating states leads to correlation driven superconducting phases at low temperatures 1,2
. Using STM/STS to study the electronic properties of magicangle TBLG at temperatures above the superconducting transition, we observe a correlation driven pseudogap state characterized by partial gapping of the low-energy density of states (DOS). This pseudogap state is accompanied by a local charge polarization with a quadrupole symmetry and a global chargeordered stripe phase which breaks the rotational symmetry of the moiré superstructure.
The STM topography of a TBLG near the magic angle measured in a gated device geometry (Fig. 1a) is shown in Fig.1b . The bright regions, which correspond to AA stacking where each top-layer atom is positioned directly above a bottom-layer atom, form a triangular moiré superlattice. The twist angle between the two layers,, can be estimated from the moiré period, L, through the geometrical relation: ≈ a/(2 sin θ /2), where a = 0.246 nm is the graphene lattice constant 17, 18 . Surrounding each bright region are six darker areas consisting of alternating AB /BA Bernal stackings. In the AB (BA) stacking each top-layer atom in the A (B) sublattice sits directly above a B (A) atom in the bottom layer, while top-layer B (A) atoms have no partner in the bottom layer. This is directly seen in the triangular structure of the atomic , K is the magnitude of the wavevector at the Brillouin zone corner of the original graphene lattice, and  t is the interlayer hopping which can vary from sample to sample depending on the fabrication technique or external pressure 3 . As the twist angle is reduced, the two vHS approach each other until, at the "magic angle",
, they merge producing an almost flat band with vanishingly small Fermi velocity 19, 22 . Due to the reduced kinetic energy, this narrow band is susceptible to interaction effects, so that when the Fermi energy (EF) is brought within the band, interactions become dominant and the system can lower its energy through the formation of correlated electron phases.
We use STM topography together with STS measurements to identify the magic angle and the flat band condition in-situ. To study the electronic structure of TBLG near the magic angle we measure the dI/dV spectrum (I is the current, V the bias) which is proportional to the local DOS. The flat band in the DOS produces a peak in the dI/dV spectrum centered at the Dirac point (Fig. 1 c) . The width of this peak is narrowest when two vHS have merged and the band is full or empty (Fig. 1c) , providing a practical criterion for identifying the magic angle. Using the peak width as a guide, we find the narrowest peak in sample regions with no heterostrain 23 , as identified by a perfectly triangular moiré pattern (Extended Data Figure 1 ). For the samples discussed here the magic angle is ~1.07 ° (L ~ 13.2 nm,), from which we extract  t~ 104 meV.
In order to separate the intrinsic band structure from correlation induced band-reconstruction effects, we first show (Fig.1c ) the dI/dV spectra obtained in the AA region in the highly n-doped regime, for a gate voltage Vg = 55 V, where the band is fully occupied and in the highly p-doped regime (Vg = -55 V), where the band is empty. In both cases we observe a single spectral peak in the AA region, indicating the presence of the flat band. This peak is absent in the AB/BA regions (Fig. 1c inset) , consistent with earlier reports 17, 20, 24 .
The single peak structure is observed only very near the magic angle, but as the angle deviates from its magic value, the peak splits into two vHS that flank the Dirac point (Extended Data Figure 2) , consistent with the single-particle band structure theory for TBLG 17, 18 . It is worth noting that, while similar two vHS observed for non-magic twist angles are seen in all STS experiments, at the magic angle the DOS structure exhibits large sample to sample variations [25] [26] [27] . This reflects the fact that near the magic angle the band structure is very sensitive to the lattice relaxation, interlayer coupling, strain and interaction strength 23,28-30 , which are influenced by sample preparation techniques and device geometry.
As we move the Fermi level into the flat band by adjusting the gate voltage, the single peak in the AA region broadens and splits revealing a pseudogap feature, Fig.1d , which suggests a band reconstruction associated with the emergence of a correlation-induced phase. In Fig. 1e we follow the evolution of the DOS in the center of the AA region with gate voltage, from highly p-doped where the band is empty (Vg = -57 V) to the highly n-doped where it is full (Vg = 69 V). For both the empty and the full bands the peak width at half height, ~ 40 mV, is narrowest and shows no evidence of splitting within the experimental resolution of ~1 mV. Once the Fermi level enters the flat band the peak begins to split. To compare our results with those obtained in transport measurements, we plot in Fig. 2a . This gives rise to a pseudogap feature flanked by two peaks whose relative height depends on doping as shown in Fig. 2b, 2c . We label the low energy and high energy peaks as lower band (LB) and upper band (UB) respectively, Fig. 2b . In Fig. 2c we zoom into the doping dependence near charge neutrality with 2V backgate intervals, corresponding to density steps of 1.4 × 10 To elucidate the origin of the broken symmetry revealed by the dI/dV maps, we plot in Fig. 3d the position dependence of the spectra taken along the arrow shown in Fig. 3a . We note that, even though the backgate voltage is fixed at Vg = 0 V, we nevertheless observe a clear spectral weight transfer from the LB which is dominant in the bottom part of the AA region (red end of the arrow) to the UB which dominates in the top part of the AA region (green end of the arrow). This is remarkably similar to the spectral weight transfer observed in the center of the AA region as a function of doping (Fig. 2c) . Since the backgate voltage is set to a fixed value (Vg = 0 V), it is then natural to interpret the position dependence of the spectral weight transfer in terms of a spatial charge redistribution within the AA region. Using the same analysis as in Fig. 3e to calculate the local charge from the peak areas ALB and ATOT we obtain the position dependence of the local charge shown in Fig. 3f . Following this analysis, the high intensity elliptical region for the UB map corresponds to hole doping whereas the high intensity elliptical region for the LB map corresponds to electron doping. In order to extract the spatial dependence of the local doping in the flat band, we subtract the intensity of the UB peak from the LB peak at every point on the map in Fig. 3b . Following this subtraction procedure (Methods), which directly visualizes the spatial charge modulation (Fig. 3c) , we observe that within the AA region (red circle) the charge modulation exhibits a quadrupole geometry, consisting of four quadrants with alternating positive (blue) and negative (red) charge, ranging from ~1 In addition to the local charge ordering observed in the scans of Fig. 3 , large area scans (Fig. 4) exhibit globally ordered charge-stripes aligned with a crystallographic axis of the moiré superlattice, which break the initial C6 symmetry of the moiré lattice reducing it to C2. As seen in and hBN compared to G on PMMA. In the final fabrication step a Ti/Au electrode was evaporated for the electrical contact through a shadow mask. All the samples are annealed in forming gas (10% H2, 90%Ar)
at 260 °C overnight to remove all fabrication residues and allowfor lattice relaxation.
The STM experiment was performed in a home-built setup at 4.6 K using a chemically etched tungsten tip.
The dI/dV spectra were collected by the standard lock-in technique, with 1 mV A.C. voltage modulation at 617.3 Hz added to the D.C. bias 35, 36 . To simplify the discussion in the main text, we define the Vg = VBG-VG0, where the VBG is the applied backgate voltage, VG0 = -7 V is the backgate voltage corresponding to the charge neutrality point. projection to the tight-binding bands breaks the particle-hole symmetry, so that the occupied (unoccupied) part of the higher-energy band at the Gamma point has large (small) projection to the localized set of orbitals.
Consequently, the DMFT correlated spectra appears asymmetric at the charge-neutral point ( = 0), in disagreement with experiment. In the orbital set of Ref. 30 we use equal phase for the projection to the top and the bottom layer of the bilayer graphene. We found that the phase-difference between the localized orbitals on the top and the bottom layer controls this particle-hole asymmetry. Moreover, we found that the purely imaginary phase between the two layers forms an optimized projector for DMFT method, which not only restores the particle-hole symmetry, but also increases the amount of overlap between the narrow band and the localized set of functions (from 95% to 99.9%). Hence, this modified set of localized orbitals was utilized here. Finally, the Coulomb interaction among the correlated orbitals is accounted for by the DMFT method, where we assumed the screening of the interaction by dielectric constant = 5, which leads to a Coulomb interaction strength of U = 150 meV on the local orbitals, as in Ref 30.
